Astroglial reactivity associated with increased production of NFκB-dependent proinflammatory molecules is an important component of the pathophysiology of chronic neurological disorders such as multiple sclerosis (MS). The use of estrogens as potential antiinflammatory and neuroprotective drugs is a matter of debate. Using mouse experimental allergic encephalomyelitis (EAE) as a model of chronic neuroinflammation, we report that implants reproducing pregnancy levels of 17β-estradiol (E2) alleviate ongoing disease and decrease astrocytic production of CCL2, a proinflammatory chemokine that drives the local recruitment of inflammatory myeloid cells. Immunohistochemistry and confocal imaging reveal that, in spinal cord white matter EAE lesions, reactive astrocytes express estrogen receptor (ER)α (and to a lesser extent ERβ) with a preferential nuclear localization, whereas other cells including infiltrated leukocytes express ERs only in their membranes or cytosol. In cultured rodent astrocytes, E2 or an ERα agonist, but not an ERβ agonist, inhibits TNFα-induced CCL2 expression at nanomolar concentrations, and the ER antagonist ICI 182,170 blocks this effect. We show that this anti-inflammatory action is not associated with inhibition of NFκB nuclear translocation but rather involves direct repression of NFκB-dependent transcription. Chromatin immunoprecipitation assays further indicate that estrogen suppresses TNFα-induced NFκB recruitment to the CCL2 enhancer. These data uncover reactive astrocytes as an important target for nuclear ERα inhibitory action on chemokine expression and suggest that targeting astrocytic nuclear NFκB activation with estrogen receptor α modulators may improve therapies of chronic neurodegenerative disorders involving astroglial neuroinflammation.
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multiple sclerosis | glia | sex steroids | spinal cord | chemokine I nflammation plays a central role in numerous central nervous system (CNS) diseases. Multiple sclerosis (MS) is characterized by autoimmune neuroinflammation and axonal and oligodendrocyte pathology, with ensuing demyelination and neurological dysfunction (1) . Although astrocyte reactivity has been considered as a phenomenon secondary to demyelination or microglial responses, astrogliosis occurs early during experimental autoimmune encephalomyelitis (EAE), a model of MS (2) . Reactive astrocytes may serve to protect the CNS from injury via release of growth factors (3) . However, their harmful role during chronic neuroinflammation has been demonstrated using mice with astrocyte-restricted knockout of upstream activators of NFκB (4), which binds promoters of proinflammatory cytokine genes (5). Among those, CCL2 (MCP-1) is a prototypic highly regulated inflammatory chemokine that, via its receptor CCR2, drives myeloid cell recruitment to sites of CNS injury (6, 7) . In EAE and MS lesions, CCL2 is expressed mostly by reactive astrocytes, whereas CCR2 is associated with macrophages/activated microglia and some lymphocytes (8) (9) (10) . CCR2 knockout mice are resistant to EAE induction (11) whereas transgenic overexpression of CCL2 in astrocytes increases blood brain barrier permeability and leads to encephalopathy in mice challenged with adjuvants (12) . Taken together, these data indicate an active role of astrocytes in the amplification of the immune response through CCL2 signaling on blood-derived inflammatory cells.
Preclinical data using estriol at pregnancy levels support estrogens as potential therapeutic drugs for improving MS symptoms (13, 14) . In mice, although the effectiveness of estrogen treatment after EAE onset is ill defined, estrogens from estrus to pregnancy levels are known to drastically reduce EAE disease activity when the treatment starts before disease induction (15, 16) . Estrogen receptor (ER)α is crucial for this protective effect, whereas ERβ plays a neuroprotective role only in the late phase of the disease (16, 17) . An anti-inflammatory action of estrogen is partly explained by mechanisms involving activation of ERα and/or GPR30 on immune cells, leading to cytokine changes consistent with a reduced Th1/Th17 response and moderate Th2 shift, a decreased expression of matrix metalloproteinases by inflammatory cells, and expansion or increased activity of the T regulatory (Treg) cell population (14) (15) (16) (17) (18) (19) (20) (21) . Yet, ERα signaling in leukocytes is dispensable for mediating protection from EAE and bone marrow chimera experiments further suggest the potential involvement of ERα-expressing CNS parenchymal cells (22, 23) . Estrogens may play a beneficial role through their pleiotropic actions in the CNS, notably via glial ERs. Microglial ERα mediates anti-neuroinflammatory effects (24, 25) but its weak expression in vivo, which is down-regulated after an inflammatory challenge, has raised the notion that responsiveness of microglia to ERα activation may be negligible during persistent inflammation (26) . In contrast, astrocytic ERα is up-regulated in in vivo models of brain injury (27, 28) . The CNS expression of ERs in MS or EAE has not been described. We here examined whether E2 treatment after chronic EAE onset was able to reduce disease and astrocyte reactivity and where ERα and ERβ localize in the CNS during EAE. On the basis of our observations, in vitro experiments were done to provide evidence for a direct anti-inflammatory mechanism of estradiol on cultured astro- cytes via nuclear inhibition of NFκB-dependent CCL2 transcription.
Results
Estradiol Treatment Initiated After Disease Onset Suppresses Chronic EAE Clinical Signs. Administration of E2 pellets after EAE onset in C57BL/6 mice immunized with myelin oligodendrocyte glycoprotein (MOG)35-55 peptide decreased clinical score at days postimmunization (dpi) 16-18 (Mann-Whitney, P < 0.02) and further declined at dpi 19-21 (P < 0.001) and dpi 22-28 (P < 0.0001), leading to a mean score <1 at the day of sacrifice (Fig. 1) . The uterine weights of placebo-treated EAE mice were decreased by 2-fold compared to placebo-treated control mice, but increased by 2-fold in E2-treated EAE mice (Table S1 ). Measurement of plasma E2 confirmed that pregnancy levels (4-8 nM) were achieved in EAE animals treated with E2 pellets (Table S1 ).
Estradiol Treatment Decreases Astrocytic CCL2 Expression and
Leukocyte Infiltration in the Spinal Cord White Matter. In control spinal cords, CCL2 immunoreactivity (IR) was mostly detected in the gray matter, with a diffuse staining pattern in the superficial laminae (neuronal afferents) and variable intensity in perikarya of deeper layers of the dorsal horn. In the white matter, only faint labeling was observed on astrocytic fibers. In EAE, CCL2-IR increased drastically in the white matter, correlating with areas of dense cell infiltration as determined by DAPI staining ( Fig. 2A) . We then determined the cell types expressing increased levels of CCL2 by dual immunohistofluorescence with the astrocytic marker GFAP or the leukocytic marker CD45, labeling all cells from the hematopoietic lineage including lymphocytes, macrophages, and dendritic and mast cells (29) . In EAE mice, astrocytes with swollen processes and increased GFAP-IR were found in the gray matter and in the white matter, notably in its ventral and lateral parts where cellular infiltrates were prominent ( Fig. S1 and Table S2 ). In the white matter, both GFAP-and CCL2-IR were reduced in estrogen-treated EAE mice compared to EAE mice ( Fig. 2A and Fig. S1 ). CCL2-IR was clearly associated with GFAP-IR fibers as confirmed by confocal imaging (Fig. 2B) , whereas CD45+ cells did not exhibit significant CCL2-IR (Fig. S2) . Measurements of immunofluorescence from the different regions of the spinal cord indicate that E2 treatment decreases EAE-induced CCL2 and GFAP expression in the ventrolateral white matter (Table S2) . Real-time quantitative (q)PCR confirmed that EAE-induced increase in CCL2 expression was reduced by the estrogen treatment (F 2,17 = 38.8, P < 0.0001; Fig. 2C ).
We further assessed the anti-inflammatory effects of E2 by examining immunoreactivities for CD45 with osteopontin (OPN), a pathogenic cytokine secreted by macrophages and dendritic cells during EAE and MS (30) . OPN expression in controls was mostly confined to the gray matter, with high levels in some motoneurons, whereas very low OPN-IR was detected in the white matter (Figs. S3A and S4). In EAE, additional OPN-IR in the white matter was found in infiltrating cells and in a diffuse pattern within the extracellular compartment of the lesion (Fig.  S4) ; the neuronal pattern of OPN expression in the gray matter was similar to that in control mice. The increase in OPN expression during EAE was confirmed at the RNA level (Fig. S3B ). E2 treatment of EAE mice resulted in decreased OPN expression in the white matter and reduced immune cell infiltration in CNS parenchyma as indicated by the counts of CD45+ cells in the white matter (Table S3) ; the proportion of OPN+ cells in the CD45+ population did not differ between placebo-and E2-treated EAE mice (52 ± 7% and 48 ± 11%, respectively).
Nuclear ERα Immunoreactivity Is Induced in EAE White Matter
Astrocytes and Reduced by Estrogen. In the gray matter of the spinal cord, the expression pattern of ERα and ERβ by immunocytochemistry was in agreement with the reported neuronal distribution of these receptors (31) and did not differ between control and EAE mice ( Fig. 3 A-F). We confirmed the high level of nuclear ER expression in neurons of the dorsal horn and the intermediate gray area (Figs. 3 and 4S ) and the low ERα and moderate ERβ immunoreactivities in motoneurons, with a clear extranuclear localization (Fig. 4T ). GFAP-IR stellate astrocytes in the gray matter of control or EAE mice were not labeled with ERα antibodies and were only weakly labeled with ERβ antibody, with light punctuate staining over the nucleus. In contrast, in the white matter of control and EAE mice, ERα was detected in GFAP-IR radial glia (Fig. 4 A-F) . In EAE mice, GFAP-IR multipolar astrocytes also exhibited intense ERα immunoreactivities, especially in or close to areas of infiltration (Figs. 3 and 4 G-I). The two ERα antibodies stained both the nuclear and the extranuclear compartments of astrocytes, with a preferential nuclear labeling for clone 60C. ERβ antibody also stained radial glia with a preferential nuclear localization (Fig. 4 K-M,  arrowhead) . In EAE white matter, ERβ antibody additionally stained hypertrophic multipolar astrocytes in the cytoplasm and nucleus (Fig. 4 K-P) . In the white matter of EAE mice, weak to moderate ERα and ERβ staining on infiltrating CD45-IR small cells (7-8 μm) was clearly associated with the plasma membrane after confocal analysis, although cytoplasmic staining was also evidenced in larger (11-12 μm) CD45-IR cells (Fig. 4U) . Only faint cytoplasmic/membrane ERα or ERβ staining was detected in other GFAP − or CD45 − elements such as endothelial cells (Fig. 4U′, arrow) . Thus, in the white matter, nuclear ERα as well as nuclear ERβ was associated only with astroglia. No specific nuclear marker exists for astrocytes. Thus, the number of ER-IR nuclei per section in the white matter was used to evaluate the number of ERexpressing astroglia after the different treatments. The number of ERα-IR nuclei doubled in EAE mice compared to controls (C1355 antibody, controls, 42 ± 7; EAE, 90 ± 4; EAE + E2, 28 ± 7; and 60C antibody, controls, 40 ± 9; EAE, 70 ± 12; EAE + E2, 33 ± 2; Kruskal-Wallis test, P = 0.006), whereas the number of ERβ-IR nuclei decreased slightly in EAE and EAE + E2 mice (controls, 41 ± 4; EAE, 28 ± 2; EAE + E2, 23 ± 2; Kruskal-Wallis test, P = 0.04). These data support that nuclear ERα is preferentially expressed (over ERβ) by reactive astrocytes in EAE.
Estradiol Inhibits CCL2 Expression in Astrocyte Cultures. As our data indicate reactive astrocytes as primary targets for nuclear estrogen action in the white matter likely via ERα, we examined the effects of estrogen on the expression of the proinflammatory chemokine CCL2 in astrocyte cultures. Initially, to determine the effects of different proinflammatory inducers on astrocytic production of CCL2, we used the classic model of astrocyte cultures from rat neonatal cortex. TNFα and to a lesser extent IL-1β induced CCL2 production, in contrast to IFNγ (Fig. 5A) . We thus used TNFα as an inducer to further investigate the inhibitory effect of E2 on CCL2 mRNA and content in the medium (Fig. 5 B  and C) . The TNFα-induced CCL2 mRNA and CCL2 levels were significantly decreased by 10 nM E2. This was confirmed semiquantitatively on fixed astrocyte cultures by immunofluorescence, which also ascertained that all astrocytes exhibited strong CCL2-IR upon TNFα exposure (Fig. 5D) . Moreover, the estradiol dose effect indicated a significant decrease in TNFα-induced CCL2 mRNA and CCL2 levels at 1-100 nM (Fig. 5 E and F) . In additional experiments, neither 17α-estradiol nor the membrane impermeant E2-BSA conjugate (100 nM), two estrogen compounds acting on membrane ER, affected significantly basal or TNFα-induced CCL2 content. Next, we checked for possible species, regional, and age differences in this effect; mouse astrocytes derived from neonatal cortex or spinal cord as well as from adult spinal cord were also tested. The mRNA levels were below detection in control and E2-treated mouse cultures. The levels of CCL2 mRNA observed after TNFα treatment were reduced by E2 in astrocytes derived from neonatal cortex (−56 ± 17%, n = 4 dishes/group, two experiments) and neonatal spinal cord (−49 ± 10%, n = 4 dishes/group, two experiments) as well as from adult spinal cord (−68 ± 12%, n = 9 dishes/group, three experiments). Measurements of CCL2 levels in the medium of treated mouse spinal cord astrocyte cultures corroborated these findings (Fig. S5) .
ERα Localizes in the Nucleus of Cultured Astrocytes and Mediates the
Inhibitory Effects on CCL2 Production. ER expression was examined by immunofluorescence on cultured astrocytes from rat and mouse neonatal cortical as well as adult mouse spinal cord. In these cultures, ERα localized to the cytoplasm and the nucleus whereas ERβ localized mainly to the cytoplasm (with a mitochondrial pattern) (Fig. 6A) . Furthermore, propyl pyr- 
(G-I) Example of reactive astrocytes stained with anti-ERα clone 60C (G), anti-GFAP and DAPI (H), or anti-ERα and anti-GFAP (I) in EAE white matter. (K-P) Radial glia (arrowhead) and reactive astrocytes (arrows) stained with anti-ERβ (K and N), anti-GFAP and DAPI (L and O), or anti-ERβ and anti-GFAP (M and P) in EAE white matter. (Q and R) Higher magnification showing nuclear localization of ERα (Q, clone 60C) or ERβ (R) in GFAP-immunoreactive cells and corresponding DAPI staining (Q′ and R′). (S) Dorsal horn neurons stained with anti-ERα (clone 60C, green) and DAPI. (T)
Motoneuron stained with anti-ERβ and DAPI (the contrasts for the green and blue channels have been enhanced by ×2 and ×3, respectively, for better visualization). (U and U′) CD45-IR cells in a perivascular infiltrate with ERβ localization restricted to the membrane or cytosol compartment (arrowheads); the arrow points to an endothelial cell identified by its long fusiform nucleus and constituting part of a blood vessel when observed in consecutive sections. In A-P, each image is a z-stack of eight consecutive confocal sections with 1-μm increments. (Scale bar, 25 μm.) In Q-U, single confocal sections are shown. (Scale bar, 13 μm.) azole triol (PPT, 100 nM), a specific ERα agonist, reduced TNFα-induced CCL2 levels in rat neonatal cortical astrocyte cultures by 55 ± 7% (n = 3/group; t test, P < 0.01 vs. TNFα) whereas the ERβ agonist, 2,3-bis(4-hydroxyphenyl) proprionitrile (DPN, 30 nM) had no effect (two experiments). Similar results were obtained from neonatal mouse spinal cord astrocytes and the effect of E2 or PPT was blocked by the ER antagonist ICI 182,170 (Fig. S5) .
Estradiol Does Not Impede p65 Nuclear Translocation in Astrocytes but Suppresses NFκB-Mediated Transcription. We next examined whether the translocation of the NFκB subunit p65, which is part of the complex inducing TNFα-dependent CCL2 expression, was affected by the estrogen treatment. In control and E2-treated neonatal cortical astrocytes, p65 was localized in the cytoplasm. TNFα (10 ng/mL) induced p65 nuclear translocation in all astrocytes treated with E2 or not (Fig. 6B) . Moreover, with lower concentrations of TNFα (1 ng/mL) that induced p65 nuclear translocation in only 56 ± 7% of astrocytes, pretreatment with E2 did not affect this ratio (50 ± 7%). The inability of E2 to prevent p65 nuclear translocation induced by TNFα was also confirmed in mouse neonatal and adult spinal cord cultures. In contrast, TNFα-induced nuclear translocation of p65 was prevented by E2 in microglia cultures (Fig. S6 ), in agreement with others (32) . To delineate the mechanism underlying the inhibitory effects of E2, downstream to p65 nuclear translocation, we next examined NFκB-mediated transcription by using a sensitive NFκB reporter assay in transfected astrocytes. TNFα induced a 10-fold increase in NFκB-dependent luciferase activity, which was suppressed by E2 (F 3,11 = 8.0, P < 0.01; Fig. 6C ). Chromatin immunoprecipitation (ChIP) assays further indicate that estrogen inhibits TNFα-induced p65 recruitment to the NFκB-dependent CCL2 enhancer (F 3,11 = 13.3, P < 0.02; Fig. 6D ).
Discussion
In this study, we examined the therapeutic effect of E2 on chronic EAE by administrating s.c. implants of the hormone after the onset of symptoms in C57BL/6 mice with special focus on astrocyte reactivity in vivo and in vitro. The protective effect of various doses of estrogen given from time of immunization has been clearly evidenced (15) (16) (17) 33) . Fewer studies have addressed whether estrogen treatment after disease onset may afford protection. Thus, one study reported that pregnancy levels of estrogen do not affect significantly active EAE progression in two mouse strains (33) , although the number of animals tested may have been too low to reach statistical difference. Another study indicated that treatment with high doses of estriol was only slightly effective (34) , which may be due to its 3-to 4-fold higher affinity for ERβ than for ERα or the model used (passive EAE). In contrast, high doses of the orally active estrogen, 17α-ethynyl estradiol, reduced severity of chronic EAE in an SJL strain (35) . Our data show a drastic reduction in EAE clinical scores following E2 supplementation provided that sufficient dosage is achieved. Interestingly, we observed a pronounced decrease in the normal cycling uterine weight of EAE animals, indicating a depressed hypothalamo-pituitary-gonadotropic activity. Women with MS have 2-fold lower estradiol levels than controls during the luteal phase (36) . This may be an important issue as a long period of hypoestrogenicity in rodents disrupts the antiinflammatory and neuroprotective actions of estradiol (37) . Taken together, these data suggest that chronic disease affects sex steroid plasma levels in both rodents and humans and support the notion that estrogenic compounds can alleviate ongoing chronic neuroinflammation. (10 nM) and TNFα (10 ng/mL) on (B) CCL2 mRNA expression (F 3,16 = 10.34, P < 0.0001, n = 4-6/group, two experiments), (C) CCL2 content in the medium (n = 5-9/group; ANOVA, F 3,27 = 10.34, P < 0.0001; control levels = 3.9 ng/mL). (D) Semiquantitative analysis of CCL2 immunohistofluorescence (IHF) in astrocytes treated with E2 and TNFα. Data are expressed as ratio of immunofluorescence intensity relative to control (n = 3/group). (E and F) Dose-dependent effect of E2 on (E) CCL2 mRNA or (F) CCL2 levels in the medium. Data are expressed as relative ratio compared to controls (two dishes/dose/group). Post hoc analysis: (A-D) Difference vs. control, *, P < 0.05; **, P < 0.01; ***, P < 0.001; difference vs. TNFα, #, P < 0.05; (E and F) difference vs. TNFα without estradiol, *, P < 0.05; **, P < 0.01.
Determining where and how sex steroids act is of paramount importance to delineate the best sex steroid therapeutics for MS and neuroinflammatory disorders. As stressed in the Introduction, previous reports have shown how estrogen can shape the immune system and inhibit the development of autoimmune encephalomyelitis, with the involvement of both ERα and GPR30 signaling. However, bone marrow chimera experiments have indicated that ERα in nonhematopoietic cells may be required for estrogen protection (22) . A consistent body of literature also indicates that estrogen is protective in a variety of neurodegenerative models and that astrocytes may play a role in the estrogenmediated attenuation of CNS damage (38) . Yet, in EAE, their potential contribution to estrogen-mediated protection was not considered and the CNS expression pattern of ERα or ERβ was not reported. Our data reveal that, in the white matter lesions during chronic EAE, reactive astrocytes represent primary targets for a direct nuclear estrogenic action, as they express ERα (and to a lesser extent ERβ) preferentially in the nucleus. Considering the increasing involvement of astrocytes in neuroinflammatory disorders, this observation strongly supports these parenchymal cells as key estrogen targets via ERα during white matter inflammation. We focused on the regulation of CCL2 expression as this chemokine is produced mainly by astrocytes in EAE as well as in MS lesions and is a key player in CNS infiltration of inflammatory leukocytes. Estrogen treatment in EAE mice was indeed associated with a decreased astrocytic CCL2 expression, as well as reduced white matter infiltrates including leukocytes expressing the Th1/Th17 proinflammatory cytokine, osteopontin. The anti-inflammatory action of E2 on CCL2 astrocytic production that we reproduced in vitro with E2 or an ERα agonist could result from two different molecular mechanisms involving modulation of NFκB signaling. In cells such as microglia/macrophages, the anti-inflammatory effects of E2 involve ERα-mediated activation of phosphatidylinositol 3-kinase, preventing nuclear translocation of NFκB (32) . In cells such as MCF-7, NFκB translocation is not affected by E2 but repression of chemokine gene expression is mediated through nuclear action of liganded ERα inhibiting an NFκB-containing transcription factor complex on the CCL2 gene promoter (39) . This is relevant to MS treatment given that nuclear p65 immunostaining is increased in astroglial cells within chronic active MS lesions (40) . The present in vitro findings indicate that, in astrocytes, the anti-inflammatory action of E2 does not result from a membrane action of estrogen, but rather involves nuclear liganded ER and suppression of NFκB-dependent transcriptional activity via inhibition of p65 recruitment to the CCL2 enhancer. This action represents one mechanism among potential pleiotropic actions of estrogens in protecting the brain from insult, including actions via extranuclear ER such as enhancement of glial release of neurotrophic factors (38) and antioxidant effects in mitochondria (41) . Moreover, a direct action on glia does not exclude the contribution of other players, such as an anti-inflammatory action of estrogen on immune cells via the receptor GPR30. The lack of specific CNS restricted ERα/β knockout mice limits further studies that would address the contribution of ERs in neurons or glia. Nevertheless, the estrogen-mediated inhibition of NFκB-dependent expression of a proinflammatory chemokine in astrocytes is of interest in light of the deleterious effect of astroglial NFκB signaling in neurodegenerative disorders (3, 4, 42) . It should be stressed that pregnancy levels of E2 were required to reduce the symptoms of established EAE as well as CCL2 production by astrocytes in vitro. Because estrogen acting via ERα is associated with detrimental effects in women, notably uterotropic effects and increased cancer risk, selective estrogen receptor modulators such as tamoxifen or raloxifene have been developed as alternative therapeutic tools. However, these compounds are still much less efficient than natural estrogens in protecting against EAE (43) , and they do not inhibit and rather increase the DNA binding and transcriptional activity of the nuclear NFκB complex (44) . Thus, the development of selective estrogen receptor ligands that suppress NFκB-dependent transcriptional activity with impaired activation of uterotropic/estrogen response element (ERE)-dependent transcriptional activity (45, 46) may improve the therapeutics of chronic CNS disorders involving astrocytic NFκB-dependent inflammation.
Materials and Methods
For induction of active EAE and hormone pellet treatment, C57BL/6 female mice were immunized with MOG , complete Freund's adjuvant, and pertussis toxin, and clinical score was assessed daily as described in SI Text. On dpi 14, EAE mice were implanted with 17β-estradiol (E2, 5 mg) or placebo as detailed in SI Text. Spinal cords for mRNA studies, uteri for assessment of estrogen body impregnation, and atrial blood for E2 measurements were taken from animals at 28-30 dpi after lethal anesthesia. For immunohistochemistry, spinal cord sections (three perfused mice/group) were prepared and processed for fluorecent microscopy and/or confocal imaging. All animal procedures were performed according to approved institutional guidelines (agreement 75-1161 from the Services Vétérinaires de Paris). For astrocyte cultures, cortices or spinal cords from Wistar rat or C57BL/6 mouse pups as well as spinal cords from C57BL/6 female adult mice were used as described in SI Text. Cell treatments, measurements of CCL2 content in the medium, CCL2 mRNA levels, immunocytochemical analysis, and luciferase assay are detailed in SI Text. For ChIP assay, treated astrocytes were subjected to ChIP with rabbit anti-p65 or control IgG (mock), and amplification of the fragment containing the kB1 and kB2 binding sites in the TNFα-dependent enhancer region of the CCL2 gene was as described in SI Text.
All data shown are mean ± SEM. Nonparametric tests were used to analyze clinical score (Mann-Whitney), cell counts, and intensity of immunofluorescence (Kruskal-Wallis followed by Dunn's post test). Otherwise, ANOVA followed by Sheffe's post hoc analysis was employed throughout the study unless specified differently.
